4 Recent studies attempting to define the outcome from severe head injury have implied, directly or indirectly, that the severity of injury (as determined by the Glasgow Coma Scale (GSC)) is the sole determinant of outcome. Little attention has been focused on the type of lesion that causes the low GCS score, and there exists an unstated hypothesis that the lesion type is not an important determinant of outcome. No attempt has been made to determine whether patients who have the same GCS score caused by different lesions have the same or different outcomes. Since this is impossible to test without a large number of cases, data were obtained from seven head-injury centers on patients who fulfiUed the Glasgow criteria for severe head injury (GCS _< 8 for at least 6 hours). Patients were categorized according to a simple classification system comprising seven lesion types, each of which was further subdivided into two GCS score ranges (3 to 5 and 6 to 8). Of 1107 patients, the overall mortality was 41%, but ranged from 9% to 74% among the different lesion categories. Conversely, 26% had good recovery (at 3 months), but among the different lesion groups the range was 6% to 68%. Acute subdural hematoma with GCS scores of 3 to 5 was uniformly the worst problem (74% mortality and 8% good recovery), whereas diffuse injury coma of 6 to 24 hours with GCS scores of 6 to 8 had 9% mortality and 68% incidence of good recovery. Results of this study demonstrate marked heterogeneity within this severe head-injury group and point out that patients with the same GCS score have markedly different outcomes, depending on the causative lesion. The type of lesion is thus as important a factor in determining outcome as is the GCS score, and both must be considered when describing severely head-injured patients.
T
HERE is consensus that patients who remain in coma for longer than 6 hours after head trauma have suffered severe brain injury, and that the The seven centers contributing to this study were: University of Pennsylvania, Philadelphia, Pennsylvania; University of Texas, Houston, Texas; Barrow Neurological Institute, Phoenix, Arizona; University of Virginia, Charlottesville, Virginia; University of California, San Diego, California; Medical College of Virginia, Richmond, Virginia; and University of California, San Francisco, California.
outcome in these patients is less than optimal. 3,4 Of the numerous reasons that can contribute to the poor outcome in these severely injured patients, this study asks the question, "Does the cause of the coma make a difference?" Is outcome from severe head injury totally dependent on the severity of injury, or does the type of intracranial lesion play a role in determining outcome? In order to answer these questions, a practical, clinically relevant classification of head-injury lesions was devised and used to subdivide severely injured patients by type of lesion in addition to categorizing them by severity of injury. To have sufficient numbers of patients in each of the subgroups in this classification, data were collected from seven headinjury centers in the United States.
The results of this study confirm that the type of lesion is as important a factor in determining outcome as is injury severity, and therefore both must be considered when describing severely head-injured patients.
Head Injury Classification
In order to divide severely head-injured patients into meaningful pathophysiological categories, a simplified classification system was utilized. The purpose of this system was to provide mutually exclusive lesion definitions, based on current concepts of head-injury physiopathology (Table 1) . Within each lesion category, patients were subdivided by their initial Glasgow Coma Scale (GCS) scores into less serious (GCS score 6 to 8) and more serious (GCS score 3 to 5) injuries. 5
Focal Lesions
A patient was assigned to the focal lesion group if the computerized tomography (CT) scan demonstrated a space-occupying lesion causing mass effect which was thought to be responsible for the coma.
Extradural (Epidural) Hematoma. In this group, epidural hematoma was the principal lesion, manifested by the fact that surgery was performed primarily to remove the hematoma. Another lesion (for example, subdural hematoma or contused temporal tip) might be treated surgically at operation, but the principal lesion was the epidural hematoma.
Acute Subdural Hematoma. In this group, subdural hematoma was the principal lesion, manifested by the fact that surgery was performed primarily to remove the hematoma. Another lesion might be treated surgically at the same operation but the subdural hematoma was the principal lesion.
Other Focal Lesions. The third category included subdural and epidural hematomas that were not the primary lesion, intracerebral hematomas, markedly depressed skull fractures, a space-occupying contusion (such as pulping of the temporal tip), or any combination of these lesions. A patient with both an epidural and a subdural hematoma was included here if it could not be determined which of the two was most important. All patients in this category were divided into two subcategories; those who underwent surgery and those who did not.
Diffuse Brain Lesions
Diffuse brain lesions were defined as head injuries accompanied by coma for longer than 6 hours, where the CT scan did not demonstrate a mass lesion. Small contusions that caused no mass effect might also be present.
Coma for 6 to 24 Hours. Irrespective of initial coma severity or of the presence or absence of brain-stem motor abnormalities, the patient in this first group was following commands by 24 hours after the onset of coma.
Coma for Longer than 24 Hours, not Decerebrate. In this group, unconsciousness lasted for more than 1 day and was not associated with frequent incidents of decerebration during the first 2 days. Occasional momentary episodes of decerebration might occur, but these were very infrequent. The subgroup with GCS scores of 3 to 5 included patients with an initial score of 3 to 5 who, within the first 2 days, exhibited infrequent or no decerebration. Thus, patients whose initial GCS score was 3 or 4 must have improved to at least 5 by 48 hours to be entered here. The subgroup with GCS scores of 6 to 8 included patients who did not exhibit decerebration on either side.
Coma for Longer than 24 Hours, Decerebrate or Flaccid. In this group, unconsciousness lasted for more than 1 day and was accompanied by frequent episodes of decerebration lasting for at least 48 hours. Decerebration was not necessarily the best motor response, but must have been frequently observed unilaterally or bilaterally in the first 2 days. Decerebration might be either spontaneous or observed as a response to noxious stimuli. All patients who remained flaccid for 48 hours were entered here as well. The subgroup with GCS scores of 3 to 5 included all patients whose initial score was 3, 4, or 5 who demonstrated either frequent decerebration or flaccidity during the first 2 days. Thus, patients with an initial GCS score of 5 were entered here if they deteriorated to a score of 4 (best response), or if their score remained at 5 but they were consistently decerebrate on the worse side. The subgroup with GCS scores of 6 to 8 included patients whose best initial score was 6, 7, or 8, but who were nevertheless decerebrate most of the time in the first 48 hours.
Patients who were comatose for longer than 1 day were segregated into groups with and without decerebration in an effort to define a lesser and greater degree of diffuse brain injury.
Clinical Material and Methods Data were collected in each of the seven contributing head-injury centers according to the following criteria: patients were included if a prospectively determined GCS score of less than 9 persisted for at least 6 hours, and if onset of coma occurred within 48 hours of injury. Patients with gunshot wounds and other missile injuries were not included, nor were patients who died within 6 hours of injury.
For each patient, the GCS score entered into the classification was the initial score determined roughly 6 hours after the onset of coma or following fluid restoration in patients free of alcohol or sedative influence. Each patient was entered once and was assigned either to the focal or to the diffuse injury category. Assignment was based on the definitions in the head-injury classification (Table 1) . Outcome was determined according to the Glasgow Outcome Scale 2 and was made 3 months after injury. The data from each center were recorded on specially prepared forms and sent to the first author at the University of Pennsylvania for compilation and analysis. This report deals only with the combined data from all seven centers. Because the classification system divides patients into 14 separate lesion categories, and there are five outcome categories for each lesion, the data bank contains 70 original data cells which can be examined in various ways. The 14 lesion categories comprised two GCS groups (scores of 3 to 5 and 6 to 8) for each of the seven lesion types listed in Table 1 . The data could be collated into seven lesion groups by adding together both GCS groups of each lesion. Six (or 12, if the two GCS groups are separated) lesions could be considered by combining both types of "'other focal lesions." This format, for example, was used in Table  3 . Five (or 10) categories could be created by adding both types of coma lasting longer than 24 hours (see, for example, Figs. 1 and 2), and two (or four) very large groups could be formed by dividing the patients into those with focal lesions (epidural, subdural, and other focal lesions) and those with diffuse lesions (those with coma lasting 6 to 24 hours plus all those with coma for longer than 24 hours). Similarly, the five categories of the Glasgow Outcome Scale can be used separately or combined into two groups (good recovery/moderate disability and severe disability/ vegetative-dead) or three (good recovery/moderate disability, severe disability/vegetative, and dead). Table 2 contains the aggregated data from the seven centers for each of the categories in the classification, and the outcome is divided into the five groups of the Glasgow Outcome Scale. 2 There were 1107 severely injured patients in the data bank with an overall mortality rate of 41%. An equal proportion (42%) had acceptable outcome (good recovery or moderate dis-
Results
ability) while 17% survived in poor condition (severely disabled or vegetative). Higher mortality rates occurred if the injury was more severe (mortality among patients with GCS scores of 3 to 5 was three times that of the group with scores of 6 to 8) or if focal lesions were present (focal lesions are associated with a mortality rate 1.5 times greater than diffuse injury). These differences in mortality rates are offset, almost exclusively, by inverse changes in the percentage of patients with good recovery and moderate disability, whereas the percentage of severely disabled and vegetative survivors remains constant.
Lesion Incidence
Focal lesions were slightly more frequent than were diffuse injuries (56% versus 44%). The most common single lesion was the acute subdural hematoma which comprised 29% of the entire population. However, when all patients with diffuse injuries and coma lasting longer than 24 hours (both nondecerebrate and decerebrate groups) were combined into one group, this lesion was more frequent than subdural hematoma (36%). The least frequent lesions were epidural hematomas (9%) and diffuse injuries associated with coma for 6 to 24 hours (8%). Other focal lesions were of intermediate incidence (18%), and two-thirds of these were not operated on. The decerebrate and nondecerebrate subgroups with coma greater than 24 hours each occurred as frequently as the other focal lesions.
Lesion Severity
Severity was defined by the percentage of patients in the GCS 3 to 5 category within each lesion type. Thus, not only did focal lesions occur more frequently than diffuse lesions, but more patients with focal lesions had lower GCS scores (59% versus 49%). The lesion category with greatest injury severity was the decerebrate-diffuse injury group with coma for longer than 24 hours: 70% of the patients in this category had a GCS score of 3 to 5. Following closely was the category of acute subdural hematoma, with 67% of the patients so afflicted having GCS scores of less than 6. These two, then, were the most severe lesions as defmed by the GCS scores. Conversely, the least severe category comprised patients with diffuse injuries in coma for 6 to 24 hours: only 29% of these had low GCS scores. All other lesion groups fell in between, with 35% to 55% of the patients having low GCS scores.
It is important to note that the two most severe types of lesions (subdural hematomas and all diffuse injuries associated with coma for longer than 24 hours) were also the two most frequently found.
Lesion Outcome
Mortality. The lesions can readily be ranked by mortality rate (Table 3) to demonstrate the marked heterogeneity within this large group of severe head injuries. Mortality rates of the various lesions ranged from 9% to 74%. The acute subdural hematoma, GCS 3 to 5 category, was the lesion with by far the worst mortality rate (74%). Second in the ranking is the GCS 3 to 5 group of decerebrate patients in coma for longer than 24 hours (57% mortality rate). The mortality rate in the other focal lesion category was no different, whether or not there was an operation performed, and the mortality rate in this category was the same as for all the patients in coma for longer than 24 hours, combined together.
The data demonstrate that the seriousness of the injury plays a very important role in the mortality rate since, with one exception, patients with GCS scores of 3 to 5 fared worse than those with scores of 6 to 8, irrespective of the category of the lesion. The fact that subdural hematoma patients with a GCS score of 6 to 8 had a higher mortality rate than patients in one lesion category with a GCS score of 3 to 5 once again demonstrates the lethal nature of acute subdural hematomas. Figure 1 depicts the relationship between the severity of the injury and lesion mortality. With a high degree of confidence (correlation coefficient 0.93), those categories that contain a large number of patients in the GCS 3 to 5 category had a higher mortality rate. Thus, irrespective of the nature of the lesion, patients with a more serious injury measured by the depth of coma did less well than patients with less severe coma.
Given the same level of coma, mortality rates also varied greatly according to the nature of the lesion. T. A. Gennarelli, et al. Figure 2 illustrates these two important facts. There is a clear rank order of mortality rates according to the lesion category, ranging from patients in coma for 6 to 24 hours to patients with acute subdural hematoma. This rank order is maintained in those patients with the most severe injuries (GCS scores of 3 to 5) and less serious injuries (GCS scores of 6 to 8), and in every one of the categories the mortality rate in the GCS 3 to 5 group is higher than in the GCS 6 to 8 group. Also, it is important to note that, as the severity of injury increases from GCS 6-8 to GCS 3--5, the same difference in mortality rates occurs in every lesion. Thus, severity of injury exerts the same effect on mortality rates, irrespective of the lesion type. Therefore, the mortality rate in patients with severe head injury is a function of both lesion type and the seriousness of the injury and, ranging from the best to the worst condition, the mortality rate varies from 9% to 74%/ Quality of Survival. In keeping with the fmding that mortality varies greatly according to the nature of the lesion, good recovery from severe head injury ranged from 6% to 68%. Patients with GCS scores of 6 to 8 who were in coma for 6 to 24 hours had the highest percentage of good recoveries, and decerebrate patients in coma longer than 24 hours with GCS scores of 3 to 5 had the lowest. The rank order of good recovery is similar, but not identical, to the inverse of the mortality ranking according to type of lesion (Table 3) . When favorable outcome (good recovery plus moderate disability) is ranked, with one exception the ranking is exactly the inverse of that of mortality rate.
The percentage of severely disabled and vegetative survivors is surprisingly constant among all the lesion types. Approximately 13% were severely disabled, irrespective of lesion type or GCS severity. In only two of the 14 categories did the vegetative patients exceed a 10% survival rate. Vegetative survival was more common if the GCS score was 3 to 5 (6% of patients versus 2% for GCS scores of 6 to 8), but the lesion type had little influence.
Lesion Importance
In determining the significance of a single diagnosis within the entire spectrum of lesions causing severe head injury, consideration must be given not only to the mortality rate of the lesion, but also to how frequently that lesion occurs. Thus, a lesion may cause a high percentage of fatalities, but is so uncommon that the total numer of deaths it causes is small. On the other hand, the mortality rate for a lesion may be moderate, but the lesion is so frequent that many deaths are caused by it. Thus, the importance of any particular lesion can be estimated by the product of its frequency (incidence) and its associated mortality rate. This product (the mortality index) can then be used to determine the overall import of each lesion in a population of severely head-injured patients. The lesion mortality rate for each of the lesion categories shows consistently higher mortality as severity increases. The similar slopes of these plots demonstrate that severity has the same effect on mortality rate for each type of lesion.
product of percent incidence and percent mortality thus normalizes the lesion's importance for a series of 10,000 patients and thus the mortality index is the number of patients who will die of a particular lesion in a series of 10,000 severely injured patients. Based on the results of this study, 4067 (40.6%) patients with severe head injury can be expected to die (Table 4 ). The data demonstrate quite strikingly that two lesions are responsible for more head-injury deaths than all other lesions combined. Subdural hematomas and diffuse injuries associated with coma of longer than 24 hours are deafly the worst types of head injury. Both have a high incidence and a high mortality. These two will cause 3065 of the 4067 deaths that would occur in a comparable series of 10,000 severely injured patients (75.4%). Subdural hematomas alone are responsible for 43.5% of all deaths, the subgroup of diffusely head-injured patients in coma for longer than 24 hours with decerebration accounts for 20.1%, and those in coma for longer than 24 hours without decerebration, I 1.8%. Other focal injuries, epidural hematoma, and diffuse injuries with coma of 6 to 24 hours are much less important causes of death because of their infrequent occurrence, low mortality rate, or both. When viewed in this way, the subdural hematoma is l0 times as important as epidural hematoma.
Discussion
In the past, neurosurgeons characteristically reported outcome from head injury based on the predominant pathological process present. Over the years, many papers were published on the characteristics of a patient population and the outcome from * Percent mortality X percent incidence. Number of patients who died in a series of 10,000 (divide by 100 to obtain percent of injured population who die from each lesion).
subdural hematoma, extradural hematoma, temporal contusions, and so on. However, varying systems to describe outcome were often utilized, making comparisons among reports very difficult to interpret. More importantly, since injury severity was not systematically defined, interpretation of the results was made all the worse by the lack of a consistently defined population. In the past several years, the GCS and the Glasgow Outcome Scale have become accepted throughout much of the world as the methods by which to categorize head-injured patients. The GCS has become a standard measure of the severity of head injury and has been used to define a population of patients considered to have severe head injury. This measure, although an admittedly incomplete description of neurological status, has demonstrated good correlation with outcome in this severely head-injured population, so much so that the pathological process, the head injury lesion, seems to have been forgotten. 1,~ The unstated hypothesis now appears to be that the severity of injury (as determined by the GCS) is the sole determinant of outcome. Little attention has been focused on the type of lesion that causes low GCS scores, and no attempt has been made to determine whether patients who have the same score caused by different lesions have the same or different outcomes. Failure to make this distinction has been due, in part, to imprecise diagnosis of traumatic brain lesions and varying ways of classifying these lesions. Now CT scanning allows accurate diagnosis of the types of lesions and, for the first time, a correlation between injury severity, lesion type, and outcome is possible. 7 In order to test our hypothesis that the type of intracranial lesion is as important as the severity of injury in determining outcome from severe head injury, several conditions had to be met: head injury lesions had to be defmed in a manner that is unambiguous and in such a fashion that the lesions could be diagnosed; injury severity and outcome had to be defmed uniformly; and a sufficient number of patients were required in each lesion-severity group to make meaningful comparison possible. We believe that these conditions were satisfied, and the results confirm the hypothesis since, among patients with GCS scores of less than 9, the mortality rate varied from 9% to 74% depending on the principal lesion present. Thus, lesions that produce equivalent degrees of injury severity may have markedly different outcomes. A GCS score of 3 to 5 may be caused by lesions with more than a twofold difference in mortality rates (30% to 74%), and with a ninefold difference in the percentage of good recoveries (6% to 52%). Similarly, the mortality rate of patients with GCS scores of 6 to 8 ranged from 9% to 36%, and good recovery ranged from 20% to 68%, depending on the causative lesion.
There are then, for equivalent levels of injury severity, favorable and unfavorable lesions. Clearly, the worst head injury is the subdural hematoma, which heads the mortality ranking in both the GCS 3 to 5 and the GCS 6 to 8 categories. Not only is it responsible for 45% of all the deaths in this series of patients, but this lesion also causes the worst quality of survival, with only 22% of patients having good recovery or moderate disability.
Diffuse injury with coma longer than 24 hours is also a major cause of death (32% of all deaths). However, unlike the subdural hematoma, the fate of the survivors of this lesion is not so grim. Overall, 45% of the patients in coma longer than 24 hours had good recovery or moderate disability.
At the other end of the spectrum are the epidural hematoma and diffuse injury with coma of 6 to 24 hours' duration. More than 60% of the former and almost 80% of the latter had acceptable outcomes.
T. A. Gennarelli, et al.
We have concluded from these results that the type of lesion, as defmed by the classification proposed in this report, is at least as important to outcome as is the Glasgow Coma Scale score. Certainly, there are numerous other determinants and co-determinants of outcome after severe head injury, and we do not intend to minimize the importance of such variables as age, preinjury medical status, mechanism of injury, integrity of brain stem and pupillary reflexes, intracranial pressure, or other factors known to adversely affect outcome. However, categorizing severely injured patients by injury severity based on the GCS and by the nature of the injury demonstrated by CT scan appears successful in separating patients in a clinically meaningful fashion. This provides information that allows the ranking of head injury lesions according to their importance and identifies problem areas where therapeutic management needs to be investigated further.
